The advent of next-generation sequencing technologies (and notably the Illumina 23 platform) has led to an explosion in the number of samples that can be studied at 24 transcriptomic level, at relatively low cost. Here we describe a robust pipeline for the 25 recovery of mitochondrial genomes from these RNA-seq resources. This pipeline can be 26 used on sequencing of a variety of depths, and reliably recovers the protein coding and 27 ribosomal gene complements of mitochondria from almost any transcriptomic 28 sequencing experiment. The complete sequence of the mitochondrial genome can also 29 be recovered when sequencing is performed in sufficient depth. We evidence the 30 efficacy of our pipeline using data from a number of non-model invertebrates of four 31 disparate phyla, namely Porifera, Nemertea, Mollusca and Annelida. Interestingly, 32 among our poriferan data, where microbiological symbionts are known empirically to 33 make mitochondrial assembly difficult, this pipeline proved especially useful. 34 Our pipeline will allow the recovery of mitochondrial data from a variety of 35 previously-sequenced samples, and add an additional angle of enquiry to future seq efforts, simplifying the process of mitochondrial genome assembly for even the most 37 recalcitrant clades and adding this data to the scientific record for a range of future uses.
Introduction:
41 42
Mitochondria, due to their vital function within the cell, have been the subject of 43 research from a diversity of angles for as long as we have known of their existence. In While there are a number of means by which mitochondrial genomes can be 54 sequenced, including Sanger and genomic DNA sequencing, it has been noted 55 previously that RNA-seq data could provide a novel source of mitochondrial sequence 56 data (Smith, 2013; Tian & Smith, 2016) . Despite treatments aimed at enriching nuclear 57 genome mRNA levels, the high copy number of mitochondria within cells, coupled to 58 generally high expression levels, mean that some level of mitochondrial data will 59 inevitably be present in any transcriptomic dataset (Raz et al., 2011; Smith, 2013; Tian & 60 Smith, 2016) . This can be leveraged to extract useful sequence information from 61 transcriptomic assembly (Tian & Smith, 2016) . RNA-seq has been applied to almost 62 every major clade in the tree of life, and has proven its utility repeatedly for solving 63 myriad questions in life's evolution. The extraction of mRNA from mixed or single 64 tissues, followed by conversion to cDNA and the construction of libraries from this for 65 sequencing, has become a standard technique in the study of many realms of molecular 66 biology.
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The basic technique of RNA-seq is often supplemented by a step which removes only 120 bp missing within an intergenic region (Fig. 3) . 222 In the case of S. officinalis, the complete mt genome was recovered by 223 NOVOPlasty alone (Fig. 3) . The circularized 16,115 bp long mt genome is the first and rrnL. Some parts of one intergenic region and 2 tRNAs were missing (Fig. 3) . Figure 4 . Percentage of duplicate reads in the studied RNA-seq 294 datasets was around 7% for most species (Fig. 4) , with the exception of Spongia 295 officinalis and Corticium candelabrum (up to 40 and 24%, respectively). The number of 296 removed reads and those uniquely paired to the analyzed mt genome was quite similar 297 among the different taxa used in our study (Fig. 4) . Mapping of the RNA-Seq data onto the retrieved mt genomes gave a first insight 305 into the transcription of the mitochondrial genes in our target invertebrates. In most 306 cases both small and large ribosomal genes (rrnS and rrnL) were more expressed than 307 the protein coding genes, although the number of reads mapped to those ribosomal 308 genes varied substantially among datasets (Table 2 and Fig. 3) . Only in the nemertean 309 A. valida, a protein coding gene cytochrome oxidase b (cob) was more expressed than 310 ribosomal genes (Table 2 and Fig. 3 ). In the sponges S. officinalis and I. fasciculata, the 311 protein coding genes nad3, nad4L, and atp8, were the next-most covered by RNAseq 312 data (Table 2 and Fig. 3) , whereas in C. candelabrum the most represented was 
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Using data from a number of non-model invertebrates we recovered with our 341 pipeline more than 97% of the mt genome in the majority of cases (Fig. 3) . In our 342 proposed Trimitomics workflow (Fig. 1) NOVOPlasty is the first tool implemented, and genomes, coverage in our datasets was lowest in intergenic regions and highest in 399 areas encoding rRNAs (Fig. 3) . Interestingly, our results for the transcriptional landscape (Fig. 3) , but the two dictyoceratid sponges S. officinalis and I. 406 fasciculata showed greater expression in the genes nad3, nad4L, atp6 and atp8 (Fig. 3) . 407 This indicates that mitochondrial genes are expressed according to the animal species 408 sampled, and, presumably, the current energy requirements of the sample taken. Table 2 . Number of reads aligned to each of the genes in the mitochondrial genomes. 
